Synthesis

General Remarks
All commercial chemicals were used as received unless stated otherwise. Anhydrous DCM and ether were obtained from an SDS solvent system. DMF (99.8%, anhydrous) was obtained from Sigma Aldrich and used as received. All reactions were performed under nitrogen atmosphere unless stated otherwise. 1-Chloro-2,3-bis(diisopropylamino)cyclopropenium chloride S1 , N,N'-bis(p-toluenesulfonyl)-1,4-diaminobutane S2 , N-propyl-ptoluenesulfonamide S3 , 4-benzoyl-1-isopropylpyridinium hexafluorophosphate S4 , and PIM-1 S5,S6 (M w = 132 kg mol −1 PDI = 1.68) were synthesized according to literature procedures. The diamines N,N '-di(n-propyl)ethylenediamine S7 and N,N'-di(n-propyl) propylenediamine S8 were synthesized by condensation from their respective dibromoalkanes with excess propaneamine according to published procedures. The other oligoamines used in this study were synthesized according to the general methods described by Bergeron et al. using tosylate protection groups instead of mesylate, the synthetic details are given below. S9 All remaining chemicals were purchased from commercial sources and used as received. Solubility limits of oxidized cyclopropenium oligomers were determined using a previously reported method. S10 NMR spectra were obtained on Varian VNMR 400 spectrometers. 1 H and 13 C chemical shifts are reported in parts per million (ppm) relative to TMS, with the residual solvent peak used as an internal reference. EPR spectroscopy was performed with a Bruker EMX electron spin resonance spectrometer equipped with dual microwave bridges for X-band and Q-band ranges. High resolution mass spectroscopy was performed on a Micromass AutoSpec Ultima Magnetic Sector Mass Spectrometer using ESI. Elemental analysis was provided by Midwest Microlab. Viscosity measurements were performed using an Anton Paar TwinDrive MCR702 Rheometer equipped with 50 mm parallel plates (PP50) and Peltier temperature controller (PTD200 + H-PTD200). Measurements were performed at 25.0 °C with a 0.250 mm gap and a shear rate between 200 -1000 s −1 .
(A) General deprotection method of tosyl protected alkylamines
To a tosyl protected alkylamine (20 mmol) was added phenol (10 g, 106 mmol) and hydrobromic acid (100 mL, 33% in acetic acid). The solution was gradually heated to 90 °C and stirred for 16 hours while excess HBr gas was captured with a base trap. After cooling down the dark mixture, water (30 mL) was added and the solution was stirred for 15 minutes. The resulting mixture was washed with DCM (4 × 100 mL) after which it was basified to pH > 11 using a 10 M sodium hydroxide solution and extracted with ethyl acetate (4 × 100 mL). The combined organic fractions were dried with NaSO 4 and reduced. The alkylamine was subsequently purified as described in the procedures below.
(B) General synthesis procedure for cyclopropenium oligomers A solution of 1-chloro-2,3-bis(diisopropylamino)cyclopropenium chloride (615 mg, 2.0 mmol) and Hünig's base (388 mg, 3.0 mmol) in DCM (10 mL) was cooled to 0 °C and one equivalent of the selected oligoamine was added dropwise. After stirring for 15 minutes, the solution was allowed to warm to room temperature and subsequently heated to 45 °C. After 16 hours, the solution was washed with a 1:1 brine and 2 M HCl solution (20 mL). The aqueous layer was further extracted with DCM (2 × 30 mL) and the combined organic fractions were reduced in vacuo. The residue was dissolved in water (20 mL) and under vigorous stirring, a solution of ammonium hexafluorophosphate (652 mg, 4.0 mmol) in water (5 mL) was added. The resulting white precipitate was extracted with DCM (3 × 30 mL) and the combined organic fractions were dried with MgSO 4 and reduced. The oligomer was subsequently purified as described in the procedures below.
(C) General synthesis procedure for oxidized cyclopropenium oligomers In a nitrogen filled glovebox, a solution containing ~50 mM redox equivalent CP oligomer and 0.5 M tetrabutylammonium hexafluorophosphate in anhydrous acetonitrile (5 mL) was loaded on the working side of an H-cell (see electrochemical cycling section for additional details). The counter side was loaded with an 0.5 M supporting electrolyte solution (5 mL). Using RVC electrodes, the stirred solution was galvanostatically charged at 10 mA until reaching a potential cutoff of 1.3 V vs. Ag/Ag + as measured by a reference electrode on the working side. The red solution of the working side was removed, diluted with ether (5 mL) and cooled to −30 °C. The supernatant of the resulting suspension was removed and the solids were successively washed with a 1:2 mixture of acetonitrile and ether (3 mL) and ether (2 × 3 mL), removing the supernatant after every wash. The resulting red powder was dried under high vacuum and stored under nitrogen at −30 °C.
N,N'-di(n-propyl)butylenediamine
N-propyl-p-toluenesulfonamide (5.00 g, 23.4 mmol) was dissolved in anhydrous DMF (60 mL) and cooled to 0 °C. While stirring, sodium hydride (60 wt% in mineral oil, 983 mg, 24.5 mmol) was portion wise added to this solution and the mixture was allowed to warm to room temperature. After gas evolution had stopped (~1 hr), 1,4-dibromobutane (2.41 g, 11.2 mmol) was added and the reaction was stirred for 16 hours at room temperature after which it was quenched with water (5 mL). The mixture was reduced in vacuo and water (100 mL) was added followed by extraction of the organics with DCM (3 × 100 mL). The combined organic fractions were washed with a 1:1 mixture of water and brine (50 mL) and subsequently dried with MgSO 4 and concentrated. The crude product was then deprotected according to method A and purified via Kugelrohr distillation at 90 °C and 3.0 mmHg, affording the title compound as a colorless oil (1.30 g, 7.54 mmol, 68% yield 
N,N'-di(n-propyl)pentylenediamine
N-propyl-p-toluenesulfonamide (5.00 g, 23.4 mmol) was dissolved in anhydrous DMF (60 mL) and cooled to 0 °C. While stirring, sodium hydride (60 wt% in mineral oil, 983 mg, 24.5 mmol) was portion wise added to this solution and the mixture was allowed to warm to room temperature. After gas evolution had stopped (~1 hr), 1,5-dibromopentane (2.57 g, 11.2 mmol) was added and the reaction was stirred for 16 hours at room temperature after which it was quenched with water (5 mL). The mixture was reduced in vacuo and water (100 mL) was added followed by extraction of the organics with DCM (3 × 100 mL). The combined organic fractions were washed with a 1:1 mixture of water and brine (50 mL) and subsequently dried with MgSO 4 and concentrated. The crude product was then deprotected according to method A and purified via Kugelrohr distillation at 90 °C and 1.5 mmHg, affording the title compound as a colorless oil ( 
N-(4-bromobutyl)-N-propyl-p-toluenesulfonamide
N-propyl-p-toluenesulfonamide (6.5 g, 30.5 mmol) was dissolved in anhydrous DMF (100 mL) and cooled to 0 °C. While stirring, sodium hydride (60 wt% in mineral oil, 1.28 g, 32.0 mmol) was portion wise added to this solution and the mixture was allowed to warm to room temperature. After gas evolution had stopped (~1 hr), 1,4-dibromobutane (65.0 g, 305 mmol) was added in one portion and the reaction was stirred for 16 hours at room temperature after which it was quenched with water (5 mL). The mixture was reduced in vacuo and DCM (100 mL) was added after which it was washed with water (2 × 100 mL) and brine (100 mL). The organic phase was dried with MgSO 4 and concentrated. The residue was purified by column chromatography (silica gel, eluent gradient: hexane to 100% DCM) to afford the title compound as a colorless oil (9.5 g, 28.4 mmol, 93% yield).
1 H NMR (400 MHz, CDCl 3 ) δ 7.67 (d, J = 8.3 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 3.41 (t, J = 6.5 Hz, 2H), 3.12 (t, J = 7.3 Hz, 2H), 3.07 -3.02 (m, 2H), 2.41 (s, 3H), 1.91 -1.83 (m, 2H), 1.72 -1.64 (m, 2H), 1.59 -1.48 (m, 2H), 0.86 (t, J = 7.4 Hz, 3H).
13 C NMR (100 MHz, CDCl 3 ) δ 143. 19, 136.91, 129.74, 127.17, 50.28, 47.45, 33.35, 29.71, 27.30, 22.10, 21.59, 11.32 48 mmol) was dissolved in anhydrous DMF (50 mL) and cooled to 0 °C. While stirring, sodium hydride (60 wt% in mineral oil, 690 mg, 17.3 mmol) was portion wise added to this solution and the mixture was allowed to warm to room temperature. After gas evolution had stopped (~1 hr), N-(4-bromobutyl)-N-propyl-p-toluenesulfonamide (5.0 g, 15.0 mmol) was added in one portion and the reaction was stirred for 16 hours at room temperature after which it was quenched with water (5 mL). The mixture was reduced in vacuo and water (70 mL) was added followed by extraction of the organics with DCM (3 × 50 mL). The combined organic fractions were washed with a 1:1 mixture of water and brine (50 mL) and subsequently dried with MgSO 4 and concentrated. The residue was purified by column chromatography (silica gel, eluent gradient: DCM to 5% ethyl acetate) and the resulting product was then deprotected according to method A. Purification via Kugelrohr distillation at 140-150 °C and 0.14 mmHg afforded the title compound as a colorless oil (1.40 g, 5.75 mmol, 77% yield).
1 H NMR (400 MHz, CDCl 3 ) δ 2.56 -2.52 (m, 8H), 2.51 -2.46 (m, 4H), 1.47 -1.37 (m, 12H), 0.93 (s, broad, 3H), 0.84 (t, J = 7.4 Hz, 3H). 13 C NMR (100 MHz, CDCl 3 ) δ 51. 98, 49.97, 49.94, 28.07, 23.30, 11.83 
4,9,14,19-tetraazadocosane
98 mmol) was dissolved in anhydrous DMF (50 mL) and cooled to 0 °C. While stirring, sodium hydride (60 wt% in mineral oil, 526 mg, 13.2 mmol) was portion wise added to this solution and the mixture was allowed to warm to room temperature. After gas evolution had stopped (~1 hr), N-(4-bromobutyl)-N-propyl-p-toluenesulfonamide (4.0 g, 12.0 mmol) was added in one portion and the reaction was stirred for 16 hours at room temperature after which it was quenched with water (5 mL). The mixture was reduced in vacuo and water (70 mL) was added followed by extraction of the organics with DCM (3 × 70 mL). The combined organic fractions were washed with a 1:1 mixture of water and brine (50 mL) and subsequently dried with MgSO 4 and concentrated. The residue was purified by column chromatography (silica gel, eluent gradient: DCM to 8% ethyl acetate) and the resulting product was then deprotected according to method A. Recrystallization of the crude product from an ethyl acetate (150 mL) and water (1 mL 
Monomer 1
1-Chloro-2,3-bis(diisopropylamino)cyclopropenium chloride (615 mg, 2.0 mmol) was reacted with di-npropylamine (304 mg, 3.0 mmol) according to general procedure B. The resulting product was purified by recrystallization from ethyl acetate (150 mL) to give monomer 1 as white needles (760 mg, 79% yield).
1 H NMR (400 MHz, CDCl 3 ) δ 3.81 (hept, J = 6.9 Hz, 4H), 3.38 -3.32 (m, 4H), 1.69 -1.57 (m, 4H), 1.33 (d, J = 6.9 Hz, 24H), 0.89 (t, J = 7.4 Hz, 6H 
Dimer 2-Di
1-Chloro-2,3-bis(diisopropylamino)cyclopropenium chloride (553 mg, 1.80 mmol) was reacted with N,N'-di(n-propyl)ethylenediamine (130 mg, 0.90 mmol) according to general procedure B. The resulting product was purified by recrystallization from ethyl acetate/DCM (150 mL) and was then recrystallized from isopropanol/AcN (200 mL) to give 2-Di as white needles (600 mg, 74% yield 
Dimer 3-Di
1-Chloro-2,3-bis(diisopropylamino)cyclopropenium chloride (890 mg, 2.89 mmol) was reacted with N,N'-di(n-propyl)propylenediamine (217 mg, 1.38 mmol) according to general procedure B. The resulting product was purified by precipitation from DCM (20 mL) and ether (400 mL) to obtain 3-Di as a white solid (1.23 g, 98% yield). 1 H NMR (400 MHz, CDCl 3 ) δ 3.80 (hept, J = 6.7 Hz, 8H), 3.49 -3.41 (m, 4H), 3.40 -3.32 (m, 4H), 2.08 -1.98 (m, 2H), 1.65 -1.54 (m, 4H), 1.33 (d, J = 6.9 Hz, 48H), 0.89 (t, J = 7.3 Hz, 6H).
13 C NMR (100 MHz, CDCl 3 ) δ 119. 09, 118.51, 53.05, 51.63, 48.70, 27.42, 22.04, 10 .63 (some peaks overlap). HRMS (ESI) m/z calcd for C 39 H 76 N 6 (M−2 PF 6 ) 2+ : 314.3060, found 314.3069.
Dimer 4-Di
1-Chloro-2,3-bis(diisopropylamino)cyclopropenium chloride (553 mg, 1.80 mmol) was reacted with N,N'-di(n-propyl)butylenediamine (155 mg, 0.90 mmol) according to general procedure B. The resulting product was purified by recrystallization from ethyl acetate/AcN (150 mL) and was then recrystallized from isopropanol + 1% acetonitrile (200 mL) to give 4-Di as white crystals (637 mg, 76% yield).
1 H NMR (400 MHz, CDCl 3 ) δ 3.80 (hept, J = 6.8 Hz, 8H), 3.51 -3.44 (m, 4H), 3.40 -3.34 (m, 4H), 1.70 -1.55 (m, 8H), 1.33 (d, J = 6.9 Hz, 48H), 0.89 (t, J = 7.3 Hz, 6H).
13 C NMR (100 MHz, CDCl 3 ) δ 118. 75, 118.34, 53.26, 51.58, 51.44, 25.39, 22.13, 22.04, 10.63 . HRMS (ESI) m/z calcd for C 40 H 78 N 6 (M−2 PF 6 ) 2+ : 321.3138, found 321.3147.
Dimer 5-Di
1-Chloro-2,3-bis(diisopropylamino)cyclopropenium chloride (525 mg, 1.71 mmol) was reacted with N,N'-di(n-propyl)pentylenediamine (168 mg, 0.90 mmol) according to general procedure B. The resulting product was purified by column chromatography (silica gel, eluent gradient: DCM + 2% AcN to 10% AcN) and recrystallization from ethanol (50 mL) to give 5-Di as a white powder (630 mg, 77% yield).
1 H NMR (400 MHz, CDCl 3 ) δ 3.79 (hept, J = 6.8 Hz, 8H), 3.44 -3.38 (m, 4H), 3.38 -3.31 (m, 4H), 1.73 -1.55 (m, 8H), 1.32 (d, J = 6.9 Hz, 48H), 0.88 (t, J = 7.3 Hz, 6H).
13
C NMR (100 MHz, CDCl 3 ) δ 118. 74, 118.26, 53.31, 51.72, 51.56, 28.44, 23.04, 22.13, 22.00, 10.61 Oxidized Monomer 1 + 1 (120 mg, 0.25 mmol) was subjected to procedure C, resulting in the isolation of 1 + as a bright red powder (82 mg, 52% yield). EPR (acetonitrile, 130 K) 333.9 mT, g-factor = 2.014. Anal.Calcd for C 21 H 42 F 12 N 3 P 2
• : C 40.26%, H 6.76%, N 6.71%; found: C 40.57%, H 6.93%, N 6.55%.
Oxidized Dimer 4-Di
2+
4-Di (117 mg, 0.125 mmol) was subjected to procedure C, resulting in the isolation of 4-Di 2+ as a dark red powder (114 mg, 75% yield). EPR (acetonitrile, 130 K) 334.0 mT, g-factor = 2.014. Anal.Calcd for C 40 H 78 F 24 N 6 P 4 2• : C 39.28%, H 6.43%, N 6.87%; found: C 39.22%, H 6.52%, N 6.90%.
Oxidized Trimer 4-Tri
3+
4-Tri (118 mg, 85 µmol) was subjected to procedure C, resulting in the isolation of 4-Tri 3+ as a red powder (118 mg, 76% yield). EPR (acetonitrile, 130 K) 334.0 mT, g-factor = 2.011. Anal.Calcd for C 59 H 114 F 36 N 9 P 6 3• : C 38.95%, H 6.32%, N 6.93%; found: C 40.40%, H 6.61%, N 6.81%.
Oxidized Tetramer 4-Tet
4+
4-Tet (118 mg, 64 µmol) was subjected to procedure C, resulting in the isolation of 4-Tet 4+ as a red powder (124 mg, 80% yield). EPR (acetonitrile, 130 K) 333.9 mT, g-factor = 2.012. Anal.Calcd for C 78 H 150 F 48 N 12 P 8 4• : C 38.78%, H 6.26%, N 6.96%; found: C 39.92%, H 6.49%, N 6.74%. 
Electrochemistry and cycling studies
General remarks Acetonitrile (99.8%, anhydrous) was obtained from Sigma Aldrich and used as received. Lithium hexafluorophosphate (battery grade) was obtained from Oakwood Chemical. Tetrabutylammonium hexafluorophosphate (electrochemical grade) and potassium hexafluorophoshate (≥99%) were obtained from Sigma Aldrich. All electrolyte salts were dried under high vacuum for 48 hours before being transferred to a nitrogen-filled glovebox. 0.5 M stock solutions of the supporting electrolytes in acetonitrile were prepared in a glovebox and dried over 3Å molecular sieves for at least two days prior to use. Crosslinked PIM-1 membranes were prepared according to previously reported methods using 10 mol% of 2,6-bis(4-azidobenzylidene)cyclohexanone as crosslinking agent. S6 A sample of Celgard 2500 was generously provided by Celgard LLC.
Cyclic Voltammetry
Cyclic voltammetry was performed in a nitrogen-filled glovebox with a Biologic VSP multichannel potentiostat/galvanostat using a three electrode electrochemical cell, consisting of a glassy carbon disk working electrode (0.07 cm 2 , BASi), a Ag/Ag + quasi-reference electrode (BASi) with 0.01 M AgBF 4 (Sigma) in acetonitrile, and a platinum wire counter electrode (ALS). The glassy carbon disk electrode was polished in a nitrogen-filled glovebox using aluminum oxide polishing paper (9 micron and 0.3 micron, Fiber Instrument) and anhydrous acetonitrile. All experiments were run in the 0.5 M LiPF 6 stock electrolyte solution containing 6, 3, 2 and 1.5 mM of 1, 4-Di, 4-Tri and 4-Tet respectively. Ferrocene (1 -10 mM) was used as an internal voltage reference.
Diffusion coefficients were determined by varying the scan rate of the cyclic voltammetry measurements between 20 and 700 mV/s ( Figure S1 ). Plotting the cathodic and anodic peak height currents vs. the square root of the scan rate showed a linear relationship indicating a transport limited redox process ( Figure S2 ). The slope of this linear relation was used in the Randles-Sevcik equation (1) Figure S1 . Representative cyclic voltammograms at various scan rates for 1 (6.4 mM), 4-Di (3.6 mM), 4-Tri (2.7 mM) and 4-Tet (1.8 mM) in acetonitrile with 0.5 M LiPF 6 as supporting electrolyte. Figure S2 . Peak current vs square root of the scan rate and linear fits used to determine diffusion coefficients of CP oligomers (left). Ψ vs inverse of the scan rate and linear fits used to determine heterogeneous electron transfer rates (right).
Heterogeneous electron transfer rates were determined following the Nicholson method. S11 In short, the peak separations between the cathodic and anodic peaks at various scan rates were fitted to a working curve. Plotting the resulting values of Ψ vs. the inverse of the scan rate ( Figure S2 ) gave a linear relationship of which the slope was used to determine k 0 according to (2). Ψ = 56 7 891 7
(2)
Where y = D o /D r , a = nFv/RT and v is the scan rate.
H-cell cycling
Bulk electrolysis charge/discharge measurements were carried out in a nitrogen-filled glovebox with a BioLogic VSP galvanostat in a custom glass H-cell with reticulated vitreous carbon electrodes (100 ppi, ~70 cm 2 surface area, Duocell). An Ag/Ag + quasi-reference electrode (BASi) with 0.01 M AgBF 4 was used on the working side of the H-cell. A porous glass frit (P5, Adams and Chittenden) was used as the separator. The electrolyte contained 1.5 -6 mM active species and 0.5 M LiPF 6 . Both chambers of the H-cell were loaded with 5 mL electrolyte solution and were stirred continuously during cycling at a current of 5 mA. Voltage cutoffs of +1.2-1.3V and +0.7-0.9 V were employed depending on the compound. After the first charge, the counter chamber of the cell was emptied and refilled with fresh electrolyte solution and a new RVC electrode after which cycling was resumed. 
Flow cell cycling
Cycling under flow condition was performed with a zero-gap flow cell S12 comprised of graphite chargecollecting plates containing an interdigitated flow field in combination with two layers of non-woven carbon felt electrodes (Sicracet 29AA) on each side. ePTFE gaskets were used to achieve ~20% compression of the felt. A stack of membranes consisting of a ~15 µm thick layer of crosslinked PIM-1 sandwiched between two layers of Celgard 2500 separated the two half cells, and the exposed area of the membrane in the gasket window was used as the active area (2.55 cm 2 ). After assembly, the cell was pretreated by continuously flowing a 0.5 M KPF 6 acetonitrile solution through the cell at 10 mL/min for two hours using a peristaltic pump (Cole-Parmer) with Solveflex and PFA tubing. After this step, the solutions were pumped out of the system and the glass catholyte reservoir was filled with either 6 mL of a 12.5 mM solution of 4-Tet or 6 mL of a 50 mM solution of 1 in 0.5 M KPF 6 in acetonitrile. The anolyte reservoir was filled with 6 mL of a 100 mM solution of 4-benzoyl-1-isopropylpyridinium hexafluorophosphate in 0.5 M KPF 6 in acetonitrile. Using a 10 mL/min flowrate, galvanostatic charge/discharge cycling was performed using a BioLogic VSP galvanostat employing a charging current of 2.5 mA cm −2 (~1C) and a discharging current of 5 mA/cm −2 (~2C) with +2.4 V and +1.0 V voltage limits. EIS was performed from 500 kHz to 1 Hz at OCV using a 10 mV sine perturbation. 
Self-Exchange studies
General Remarks
Electrochemical grade tetrabutylammonium tetrafluoroborate (TBABF 4 ) was purchased from Sigma Aldrich and dried at 80 °C under vacuum for 24 h then stored in a N 2 filled glovebox. Anhydrous Sure/Seal acetonitrile was purchased from Sigma Aldrich and immediately stored in a N 2 filled glovebox. Nafion 1100 EW suspension (~5% in a mixture of lower aliphatic alcohols and water) was purchased from Sigma Aldrich and used as received. Electrochemical experiments were performed using a CH Instruments 1030A potentiostat with a standard threeelectrode cell including a 3 mm glassy carbon working electrode, Ag/AgNO 3 acetonitrile non-aqueous reference electrode, and platinum mesh auxiliary electrode. Glassy carbon electrodes were polished on polishing pads with 0.05 micron polishing alumina prior to use.
Coating GCEs with Nafion
Nafion coated electrodes were prepared by drop casting 10 μL of a 5% Nafion suspension onto the glassy carbon electrode surface and dried overnight at room temperature without disruption before being stored in a N 2 filled glovebox. A stock solution of 0.1 M TBABF 4 was prepared in a N 2 filled glovebox using anhydrous acetonitrile. Solutions of analyte were prepared in volumetric flasks with the 0.1 M TBABF 4 /CH 3 CN electrolyte. Electrochemical cells equipped with a Nafion coated glassy carbon electrode, polished glassy carbon electrode, platinum mesh auxiliary electrode, and Ag/AgNO 3 reference electrode were assembled in the glovebox and sealed. The assembled cells were stored in the glovebox for 4 h to allow the Nafion to exchange all protons for analyte. After 4 h of equilibration, the sealed cells were removed from the glovebox for electrochemical analysis. All electrochemical experiments were performed using quiescent solutions of cyclopropenium oligomer in 0.1 M TBABF 4 /MeCN at 25 ºC. The peak current was determined by cyclic voltammetry at scan rates of 250 mV/s, 200 mV/s, 150 mV/s, 100 mV/s, 50 mV/s, and 25 mV/s. Cyclic voltammograms taken with the Nafion coated electrode were taken no more than ten minutes apart, such that any oxidized material in the Nafion matrix could diffuse from the electrode area.
Self-exchange data analysis
Cyclic voltammograms were obtained for all three cyclopropenium oligomers at varying concentrations with either a polished glassy carbon working electrode or a Nafion coated glassy carbon electrode. Figure S5 . Representative cyclic voltammograms of (a) 5 mM dimer 4-Di (b) 1 mM trimer 4-Tri (c) 1 mM tetramer 4-Tet. All voltammograms were taken of solutions in 0.1 M TBABF 4 /CH 3 CN with glassy carbon working electrode, platinum mesh counter electrode, Ag/AgNO 3 reference electrode, and 250 mV/s scan rate.
The peak current was determined from the cyclic voltammograms of each oligomer at varying concentrations. Concentrations were varied until a definitive plateau in a plot of peak current versus concentration (of total number of redox active sites, e.g., a 1 mM tetramer solution has four redox active sites and thus a 4 mM concentration) was observed.
a.
b. c. Figure S6 . Representative plot demonstrating the plateau of peak current as a function of concentration for the Nafion coated GCE while the uncoated GCE peak current continues to increase as a function of concentration.
A modified Randles-Sevcik equation (3) that includes the extraction coefficient for exchange of cations into Nafion is used to determine diffusion coefficients from cyclic voltammograms taken at varying scan rates. " = 2.69 10
Once a plateau in peak current as a function of concentration is achieved, the experimental points that are within the plateau region are used to determine the apparent diffusion coefficient by assuming that B * is 3.2 ± 0.2 g/cm 3 .
S13
The apparent diffusion coefficient is determined using the Randles-Sevcik equation by linear regression fitting of a plot of peak current versus square root of scan rate. When self-exchange makes a significant contribution to the apparent diffusion coefficient, a linear dependence on concentration is observed as defined by the Dahms-Ruff model (Equations 4 and 5). S14,S15,S16
9"" = " + HI (4)
The value of δ was determined from a Gaussian optimized structure of the dimer 4-Di by measuring the distance between the centers of the two cyclopropenium units (9.5 Å) in GaussView. S17 The determined apparent diffusion coefficients are plotted against concentration and linear regression fitting allows determination of the self-exchange rate constant and its error from the slope ( Figure S6 ). 1.0 x 10 -9 7.8 x 10 -10 1.9 x 10 -9 5.9 x 10 -10 5.3 x 10 -10 6.5 x 10 -10 1.1 x 10 -9 5.3 x 10 -12 1.0 x 10 -11 1.6 x 10 -11 2.3 x 10 -11 2.7 x 10 -11 2.9 x 10 -12
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Crossover experiments
General remarks Acetonitrile (99.9%, Super Dry) was purchased from Acros Organics (New Jersey) and stored over 3 Å molecular sieves. Lithium hexafluorophosphate (LiPF 6 , battery grade) was purchased from Oakwood Chemical (Estill, SC). The LiPF 6 was dried at 50 ˚C under vacuum for 24 h prior to use. Two-part H-cells with 1.6 cm-diameter apertures were purchased from Adams and Chittenden Scientific Glass (Berkeley, CA). Glassy Carbon electrodes with a 1 mm diameter and Platinum wire pin-assemblies were purchased from BAS Inc. (West Lafayette, IN) . Non-aqueous Ag/Ag + reference electrodes were from CH Instruments (Austin, Texas) filled with 0.010 M silver hexafluorophosphate in a 0.50 M LiPF 6 , acetonitrile solution. All electrochemical measurements were performed in an argon filled glove box with oxygen and water levels below 1 and 0.5 ppm respectively. Electrochemical measurements were performed using a Bio-Logic VMP3 potentiostat. Cyclic voltammograms were measured with iR compensation accounted for by measuring the uncompensated resistance with a 100 kHz impedance measurement and correcting for 85% of the expected drop. Crosslinked PIM-1 membranes were prepared according to previously reported methods.
S6
Crossover measurements and analysis
Crossover measurements were performed by sealing an 8-11 µm crosslinked PIM-1 membrane (soaked overnight in electrolyte) in between the two chambers of an H-cell with a chemically resistant O-ring. The retentate side of the H-cell was filled with 10 mL electrolyte (0.50 M LiPF 6 in acetonitrile) containing 0.060 M 1, 0.030 M 4-Di, 0.020 M 4-Tri, or 0.015 M 4-Tet. The permeate side of the H-cell was filled with an equal volume of LiPF 6 electrolyte adjusted for osmotic balance: 0.560 M for the monomer; 0.545 M for the dimer; 0.540 for the trimer; and 0.538 for the tetramer. Both compartments were continuously stirred to ensure homogenous solutions through the duration of the experiments. The concentration of the cyclopropenium species was determined by pausing the stirring at 5-120 min intervals and obtaining cyclic voltammograms at 100 mV s -1 from 0.5 to 1.1 V vs. Ag/Ag + . The peak anodic current was used to calculate the concentration of the cyclopropenium species from a calibration curve. D eff of the cyclopropenium oligomers through crosslinked PIM-1 membranes were calculated from the flux of oligomer through the membrane, obtained from the crossover measurements ( Figure 5 ), the measured thickness of the membrane, and the aperture diameter of the H-Cell, as previously described. S6 In the case of the tetramer, D eff was estimated from the length of the experiment and limit of detection of the calibration curve. Tetramer
